ABSTRACT
INTRODUCTION
Arsenic is found widely in earths in oxidation states of -3, 0, +3 and +5, often as sulfides or metal arsenides or arsenates. In water, it is mostly present as arsenate (+5), but in anaerobic conditions, it is likely to be present as arsenite (+3). It is usually present in natural waters at concentrations of less than 1 However, in waters particularly ground waters, where there are sulfide mineral deposits and sedimentary deposits deriving from volcanic rocks, the concentrations can be significantl elevated (WHO, 2014) . Arsenic is found in the diet, particularly in fish and shellfish, in which it is found mainly in the less toxic organic form. There are only limited data on the preparation of inorganic arsenic in food, but these indicate that approximately 25% is present in the inorganic form, depending on the type of food. Apart from occupational exposure the most important routes of exposure are through food and drinking water. Where the concentration of arsenic in drinking water is 10 g/l or greater, this will be dominant source of intake. In circumstances where soups or similar dishes are a staple part of the diet, the drinking water contribution through preparation of food will be even greater (WHO, 2011) .
Arsenic is found widely in earths in oxidation 3, 0, +3 and +5, often as sulfides or metal arsenides or arsenates. In water, it is mostly present as arsenate (+5), but in anaerobic conditions, it is likely to be present sually present in natural waters at concentrations of less than 1-2 g/l. However, in waters particularly ground waters, where there are sulfide mineral deposits and sedimentary deposits deriving from volcanic rocks, the concentrations can be significantly Arsenic is found in the diet, particularly in fish and shellfish, in which it is found mainly in the less toxic organic form. There are only limited data on the preparation of inorganic arsenic in that approximately 25% is present in the inorganic form, depending on the type of food. Apart from occupational exposure the most important routes of exposure are through food and drinking water. Where the concentration of arsenic in drinking g/l or greater, this will be dominant source of intake. In circumstances where soups or similar dishes are a staple part of the diet, the drinking water contribution through preparation of food will be even Numerous epidemiological studies have examined the risk of cancers associated with arsenic ingestion through drinking water. There is overwhelming evidence that consumption of elevated levels of arsenic through drinking water is casually related to the development of cancer at several sites. Nevertheless, there remain considerable uncertainty and controversy over both the mechanisms of carcinogenicity and the shape of the dose response curve at low intakes. The International Programmed on Chemical Safety (IPCS) concluded that long-term exposure to arsenic in drinking water is casually related to increased risks of cancer in the skin, lungs, bladder and kidney, as well as other skin changes, such as hyperkeratosis and pigmentation changes. The effects have been most thoroughly studied in Taiwan, China, but there is considerable evidence from studies on populations in other countries as well (WHO, 2011) . Arsenic has no known essential role in living organisms; exhibit extreme toxicity even at very low levels and exposure has been as a threat to all forms of life especially human health (Eisler, 1985; Järup, 2003; Olmedo al., 2013) . However, some authors have suggested that arsenic perhaps essential element for organisms at low concentrations (De Gieter et al., 2002 (Usman and Lar, 2013) . However, Arsenic value within WHO maximum permissible limit has been reported for the underground waters of Odede, Ogun State (Amori et al., 2013) . Therefore, this study was initiated and aimed at titrimetric determination of Arsenic concentration in water samples from boreholes and irrigation channels of Hadejia Emirate Council, Jigawa State, Nigeria, to ascertain whether the levels of Arsenic concentration in the water samples is sufficient to cause health hazards to living systems. 
MATERIALS AND METHODS Study Area

Sampling Technique
Random sampling technique was used, in which the names of the eight local governments was folded in small papers. Four out of the eight local governments were randomly picked and selected. From the four selected local governments, three wards were selected as sampling locations (Figure 1) . From each ward, two different water samples were collected. One from the borehole and the other from the irrigation channel except area that is not practicing irrigation like Gatafa ward in Malam Madori local government. A total of twentythree (23) samples were collected, twelve (12) from boreholes and eleven (11) from irrigation channels.
Sample Pretreatment
One liter (1L) double capped polyethene bottles were washed with 1M HNO 3 , and then severally washed with distilled water. The polyethene bottles were then dried and labeled. At the collection site, few drops of concentrated nitric acid (Conc. HNO 3 ) were added to each sample so as to prevent loss of metal, bacterial and fungal growth. The pH was measured at the sample collection site. Ice blocks were used to keep the samples at very low temperature before taken to the laboratory for analysis.
Determination of Arsenic Concentration
A standard titrimetric procedure that was previously validated by Garba et al. (2008) was employed. The procedure considers both organic and inorganic Arsenic to exist as initial As 2 O 3 species that are equally available to the iodine molecules (Garba et al., 2008) .
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3 of each water sample was pipetted into a 250cm 3 conical flask and a spatula full of sodium bicarbonate was added followed by the addition of 3 to 4 drops of starch indicator. The resulting solution was titrated against 0.0001M iodine solution to the first appearance of deep blue color which marked the end point. The experiment was repeated 3 times within each sample. 
DISCUSSION
The pH of borehole has the range of 4.5 to 9.6 with the lowest record in Tashena and highest in Fateka. For the irrigation channels, the range of pH is 4.3 to 6.3 (Table 1) health organization (WHO) standard for pH was in the range of 6.5 to 8.5. This shows that the boreholes have more pH value than the irrigation channel. 42% of the water samples from boreholes have pH value less than the WHO minimum value (6.5) i.e. less acidic. 1 of the samples were found to be above the world health organization maximum value (8.5) of each water sample was pipetted into conical flask and a spatula full of sodium bicarbonate was added followed by the addition of 3 to 4 drops of starch indicator. The resulting solution was titrated against 0.0001M appearance of deep blue color which marked the end point. The experiment was repeated 3 times within each Equations of the reaction:
As 2 O 3 + 2H 2 O + 2I 2 → As 2 O 5
RESULTS
The results of pH of the samples were presented in Table 1 . Where as that of Arsenic concentration was presented in Figure 2 . The pH of borehole has the range of 4.5 to 9.6 with the lowest record in Tashena and highest in Fateka. For the irrigation channels, the ( Table 1 ). The world standard for pH was in the range of 6.5 to 8.5. This shows that the boreholes have more pH value than the irrigation channel. 42% of the water samples from boreholes have pH value less than the WHO minimum value (6.5) i.e. less acidic. 17% of the samples were found to be above the world health organization maximum value (8.5) i.e. less basic. However, all the samples from irrigation channels were found to be below the world health organization minimum value of 6.5, that is less acidic. Never the less, Sa'eed and Mahmud (2014) , reported TDS and pH to be within world health organization recommended range in a research conducted on water from boreholes of Fagge local government, Kano Metropolis. Except in sampling site at weather head Sabon Gari in which the pH level was found to be 6.2 which is slightly below the recommended value set by world health organization. The results of pH of the samples were Where as that of Arsenic concentration was presented in Figure 2. i.e. less basic. However, all the samples from irrigation channels were found to be below the world health organization minimum value of ver the less, Sa'eed and Mahmud (2014) , reported TDS and pH to be within world health organization recommended range in a research conducted on water from boreholes of Fagge local government, Kano Metropolis. Except in sampling site at weather ari in which the pH level was found to be 6.2 which is slightly below the recommended value set by world health The concentration of Arsenic in the borehole is from the range of 0.006ppm to 0.014ppm with the mean of 0.011. While that of irrigation channel ranges from 0.006ppm to 0.010ppm with the mean of 0.009. The world health organization permissible limit of Arsenic is 0.01mgL -1 . The result showed that all the samples analyzed were found to be below the world health organization permissible limit in terms of Arsenic concentration (Fig. 2) . This is in contrast with Garba et al., (2010) , which reported high values of Arsenic above world health organization permissible limit in drinking water of Karaye local government, Kano State, Nigeria. In a similar case, Garba et al.(2008) ,reported high Arsenic concentration of 0.80mg/L in Kutama and 0.765mg/L in Getso, Gwarzo local government area, Kano State.
They attributed these high concentrations to disposal of Arsenic containing materials, burning of solid wastes, natural processes, industrial activities and other human activities (Garba et al.,2008; Musa et al., 2008) .
Generally 
